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Recent results and future prospects for T(5S) running at B-factories are discussed. The first Belle measurements 
with 23.6 fb —1 of data taken at the T(5S) energy are reported. Eligibility of potential measurements expected with 
100 fb- 1 and 1000 fb^ 1 of data at the T(5S) is estimated. 
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During the last several years an opportunity for B® meson studies at the e + e~ colliders running at the T(5S) 

resonance has been extensively explored. The first evidence for B° s production at the T(5S) was found by the CLEO 

^\J , collaboration [1, 2] using a dataset of 0.42 fb -1 collected in 2003. This study indicated that practical B® measurements 

at the T(5S) are possible with a dataset of at least 20fb _1 , which can be easily collected at B factories running with 

^ ■ ~10 34 cm _2 sec^ 1 luminosity. To test the feasibility of a B® physics program the Belle collaboration collected at the 

I . T(5S) a dataset of 1.86 fb _1 in 2005. After the successful analysis of these data [3, 4], Belle collected a bigger sample 

6h' of 21.7ft)- 1 in 2006. 

2. EVENT CLASSIFICATION AND FULL B% EVENT NUMBER DETERMINATION AT THE 
T(5S) RESONANCE 
r>- . 

Q\ . Several bb resonances have been observed in the e + e hadronic cross-section in the energy region ~10 GeV [5]. 

Among these resonances, the T(4S) has a mass slightly above the BB production threshold and decays to B + B~ 
or B°B° pairs with almost 100% probability. The next T(5S) resonance has a mass exceeding the B S B° S production 

;Ti threshold and can potentially decay to various final states with the B + , B° or B® mesons. If the B® production 

rate at the T(5S) is not small, the T(5S) could play a similar role for comprehensive B° studies that the T(4S) has 
^ played for B + and B° studies. 

Hadronic events produced at the energy region of the T(5S) can be classified into the three categories (Fig. 1): 
T(5S) resonance events, bb continuum events, and uu,dd, ss,cc continuum events. The T(5S) resonance events and 
the bb continuum events (contributions from these two sources are expected to be about the same) always produce 
the final states with a B or B s meson pair, and, therefore, cannot be topologically separated. We define the bb 
continuum and T(5S) events collectively as the bb events. All bb events are expected to hadronize in final states with 
the #{*} meson pair: BB, BB*, B*B, B*B*, BBtt, BB* it, B*Bir, B*B*tt, BBtttt, B° s B° s , B° s B* s , B* s B° s or B*B*. 
Here B denotes a B° or a B + meson and B denotes a B or a B~ meson. The excited states decay to their ground 
states via B* — ► Bj and B* — > B®y, All possible final states can be separated into B s and B channel events; the B s 
channel events include three channels: with zero, one or two B* mesons. 

In order to measure any B® branching fraction, the number of B® mesons in a collected T(5S) data sample has to 
be precisely determined. To calculate the B® number in a dataset with known integrated luminosity L lnt , the two 
parameters should be measured in advance: the total bb production cross section at the e + e~ center-of-mass energy 
<7,r , and the fraction f s of B® events among all bb events. Then the number of B® mesons in a dataset can be 
calculated as: Ago =2x L mt x cr fe i x fs- For some B® decays with a high background level it is reasonable to 
select events only from the B*B* channel. In this case the fraction /^*_g* of B*B* events over all B s Bs events 



X 



should be also measured. 
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Figure 1: Hadronic event classification at the T(5S). 



The total bb cross section a, r can be determined by comparing the number of hadronic events produced at the 
T(5S) and on the continuum below the T(4S) energy. After corrections for the integrated luminosity ratio, the center- 
of-mass energy ratio and the reconstruction efficiency ratio, the number of events in continuum dataset will reproduce 
the number of uu, dd, ss and cc continuum events in the T(5S) dataset. The dominant systematic uncertainty in the 
continuum subtraction method comes from the T(5S) and continuum luminosity ratio, which is usually calculated 
using Bhabha events. In the Belle measurement [3] a ~ 0.4% systematic uncertainty on the integrated luminosity 
ratio £5s/£ CO nt resulted in the ~ 5% systematic uncertainty on a^ . Probably with higher statistics, the T(5S) 
and continuum dataset integrated luminosity ratio can be better measured comparing D° and D s production at 
the high momentum region. Unfortunately the ct.t uncertainty cannot be essentially reduced below 3% using 
continuum subtraction methods, and it would become a "core" uncertainty on the full B® number determination 
with increasing statistics. By now the <r,r value was measured by CLEO [1] to be (0.301 ± 0.002 ± 0.039) nb and 
by Belle [3] to be (0.302 ± 0.015) nb. 

The f s value can be determined by comparing D s , D° or tfi production in T(5S), T(4S) and continuum datasets. 
This method is based on the fact that the D s and <p meson production rate is significantly higher in B® decays than 
in B°' + decays (and lower for the D° meson). Unfortunately an additional model dependent assumption on the 
inclusive branching fraction of D Sl (p or D° production in B® decays has to be made. Currently the mean PDG 
value [5], based on CLEO and Belle measurements, is f s = (19.5^2'3)9o- Although the uncertainty can be decreased 
by about a factor of two with larger statistics, this method includes a model dependence and has an unavoidable 
basic uncertainty. Several model independent methods have been discussed (using double D s production, lepton 
correlations, vertex information, low momentum photons and so on), however these methods mostly require rather 
large statistics or include a model dependent parameter. Generally, we expect to reduce the f s uncertainty to 
~ (6 — 8)% with currently available statistics of 23.6 fb _1 . The last unknown fs'B* value was recently measured 
with improved accuracy: f B * B * = (90.3+|;q)% [6]. 

The total uncertainty in the number of B® is expected to come down from ~ (15 — 17)% to ~ (8 — 9)% due to 
the Belle statistics increase from 1.86 fb _1 to 23.6 fb _1 . At the moment the most significant uncertainty on the 
_B" number comes from the f s uncertainty. It is important to develop a robust method to determine f s in a model 
independent way. The uncertainty on the fg*B* value is smaller than other uncertainties on the number of _B° and 
will be further reduced with increasing statistics. 



B® signals can be observed using two variables: the energy difference AE — E^q 1 — Ep}£ Tn and the beam-energ; 



constrained mass M^ c = J(-E™ m ) 2 — (p™) 2 ! where E™ and p™ are the energy and momentum of the B® 
candidate in the e+e~ center-of-mass (CM) system, and -E™ m is the CM beam energy. The B*B*, B*B°, B° S B* S 
and BgBg intermediate channels can be distinguished kincmatically in the M^ c and AE plane, where three well- 
separated B° s signal regions can be defined corresponding to the cases where both, only one, or neither of the B® 
mesons originate from a B* decay. The events obtained from MC simulation of the B° s —> D~ir + decay are shown 
in Fig. 2 for the intermediate T(5S) decay channels B*B* S1 B*B®, B° S B* and B®B®. The signal regions are defined 
as ellipses corresponding to ±(2.0-2.5)<7 (i.e. (95-98)% acceptance) resolution intervals in M^ c and AE. The signal 
events from the different intermediate channels are well separated in the M\^ c and AE plane. 
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Figure 2: The Mbc and AE scatter plot for the B® — + DJ-k + decay obtained from the MC simulation. The ellipses show the 
signal regions for the intermediate BlB* 3 (top elliptical region), B^Bl and B a B f s (middle elliptical region), and B g B g (bottom 
elliptical region) channels. 



3. RECENT MEASUREMENTS WITH 23.6 fb" 1 AT THE T(5S) 

3.1. Measurement of B° — > D~tt + decay and evidence for B° — > D^K ± decay 



We report here the preliminary results from studies of B® — ► D~ir + and B® — > DJK^ decays obtained by the Belle 
collaboration with 23.6fb _1 at the T(5S) [6]. In this analysis D~ candidates are reconstructed in the 4>tt~ , K*°K~ 
and KgK~ modes. Fig. 3 shows Mb c and AE scatter plot for the studied decays. A clear signal is observed in the 
B® — > D~ir + decay mode, and evidence for the B® — > DJK^ decay is also seen. For each mode, a two-dimensional 
unbinned extended maximum likelihood fit in M^ c and AE is performed on the selected candidates. Fig. 4 shows the 
Mbc and AE projections in the B*B* region of the data, together with the fitted functions. 
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Figure 3: The M bc and AE scatter plot for the B® — » D~n + (left) and B® — » DfK ± (right) candidates. The three boxes in 
the left plot are the ±2. 5a signal regions (BgBg, B^B® and BgBg, from top to bottom) while those in the right plot are the 
±2.5cr B*B* regions for signal (solid) and for B° — > D~ir + background (dashed). 
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Figure 4: The M bc distribution for -80 < AE < -17 MeV region (left) and AE distribution for 5.41 < M hc < 5.43GeV/c 2 
region (right) for the _B° — > D~tv + candidates. The different fitted components are shown with dashed curves for the signal, 
dotted curves for the B° — > D*~tv + background, and dash-dotted curves for the continuum. 



j+0.32 
-0.30 



(stat.)+°;^(syst.)±0.44(/.. 



Finally, the branching fractions B(B® — > D s ir + ) = (3.33 
1(T 3 and B{B° -> DJK^ = (2.2±j^(stat.) ± 0.3(syst.) ± 0.3(/ s ) ± 0.2(23(1) 
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(B(D 7 - 07T-))) X 
n~))) x 10~ 4 are measured. The 
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ratio B(B° -» D^K ± )/B(B° S 
B° -v DJif^ statistics. 

Comparing the number of events reconstructed in the B® 



is derived; the errors are completely dominated by the low 



of B*B* events over all Bs Bl events was measured to be Jb*b* 



D s 7r + mode in three signal regions, the fraction 
(90.3l|;o)%. This number is higher than 
the value of 70% predicted by several theoretical models [7, 8]. From the B® signal fit the masses m(B*) = 
(5317.6 ± 0.4 ± 0.5)MeV/c 2 and m(B°) = (5364.6 ± 1.3 ± 2.4)MeV/c 2 are obtained. In contrast to theoretical 
predictions [9] the mass difference m(B*) — m(B®) obtained is 2.7c larger than the world average for m(B*°) — m(B ). 
The distribution of the cosine of the angle between the B® momentum and the beam axis in the CM system for 
the T(5S)— > B*B* decay (in the B° s — ► D~ir + mode) is shown in Fig. 5. The flat shape of this distribution indicates 
that different spin-momentum combinations contribute in the T(5S)— > B*B* decay. 
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Figure 5: The cosine of the angle between the 5° momentum and the beam axis in the CM system for the T(5S)- 
decay. 
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3.2. Observation of B® — > 07 and search for B® — > 77 decays 

The radiative decays B® — ► (fry and B® — > 77 have been studied at the T(5S) with 23.6 fb _1 [10]. Only upper 
limits were obtained for these decays in the previous Belle analysis [4], based on 1.86 fb _1 of data. 

Within the Standard Model (SM) the B® — > ^7 decay can be described by a radiative penguin diagram (Fig. 6, left) 
and the corresponding branching fraction is predicted to be ~ 4xl0 -5 [11]. The B° s — > 77 decay is expected to proceed 
via a penguin annihilation diagram (Fig. 6, right) and to have a branching fraction in the range (0.5 — 1.0) x 10 -6 . 
However, the B® — » 77 decay branching fraction is sensitive to some BSM contributions and can be enhanced by 
about an order of magnitude [12-14]; such enhanced values are not far from the upper limit expected in this analysis. 

The three-dimensional (two-dimensional) unbinned extended maximum likelihood fit to Mbc Ai? and cos#^ (Mhc 
and AE) is performed for B° s — > (f>-f (B® — > 77) decay to extract the signal yield. Fig. 7 shows the M\> c and AE 
projections of the data, together with the fitted functions. 





Figure 6: Diagrams describing the dominant SM processes for the B® — > 07 (left) and B® — > 77 (right) decays. 

A clear signal is seen in the B® — > 07 mode. This radiative decay is observed for the first time and the branching 
fraction B(B a s — ► 07) = (5.7l^'J(stat.)^ 1 ' 1 (syst.)) x 10~ 5 is measured. The obtained value is in agreement with the 
SM predictions. No significant signal is observed in the J5° — * 77 mode, and an upper limit at the 90% C.L. of 
B{B° -> 7 ) < 8.7 x 1CT 6 is set. 
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Figure 7: The Mbc projection (left) and AE projection (right) for the B® — > 07 (top) and B® — > 77 (bottom) modes. The 
points with error bars represent data, the thick solid curves are the fit functions, the thin solid curves are the signal functions, 
and the dashed curves show the continuum contribution. On the M^ c figure, signals from B®B°, B*B^, and B*B* appear 
from left to right. On the AE figure, due to the requirement Mbc > 5.4 GeV/c 2 only the B^B^ signal contributes. 



3.3. First measurement of B° — » X + l~u decay 

The inclusive semileptonic B® — > X + l~v decay branching fraction has been measured for the first time using a 
23.6 fb _1 data sample collected at the T(5S) resonance [15]. This measurement is of special interest, because the total 
semileptonic B°, B + and B® branching fractions, together with corresponding well-measured lifetimes, determine 
the semileptonic widths. These widths for the B°, B + and B® mesons are expected to be equal, neglecting small 
corrections due to electromagnetic and light quark mass difference effects. If any significant difference between the B°, 
B + and B® semileptonic widths were observed, it would indicate a previously unknown source of lepton production 
in B decays. On the other hand, assuming equal semileptonic widths in _B°/+ and B® decays, the inclusive B® 



scniilcptonic branching fraction can be directly related to the B® lifetime. This can be potentially useful taking into 
account a possible CP correlation of the B° a mesons produced in T(5S) decays. 

The correlated production of a D+ meson and a same-sign lepton at the T(5S) resonance is used in this analysis 
to measure B(B® — > X + l~v). Df candidates are reconstructed in a clean </>7r + mode. First, we selected the data 
sample with Df mesons and then studied the same-sign lepton production in this sample. Neither the cc continuum 
nor _£?(*)#(*) states (except for a small contribution due to ~ 19% B° mixing effect) can result in a same-sign c-quark 
(i.e., Df meson) and primary lepton final state. 

The final leptonic momentum distributions produced in B® decays (Fig. 8) obtained after background subtractions 
and an efficiency correction are used to extract the numbers of primary and secondary leptons. The backgrounds are 
subtracted using continuum and T(4S) data to estimate continuum and BB contributions. The MC simulation is 
used to obtain the momentum distribution shapes for leptons from primary B s decays and from secondary D+, D°, 
D + or r + decays. We fit the data with a function which includes the sum of these two terms with fixed shapes and 
floating normalizations. 
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Figure 8: The electron (a) and muon (b) momentum distributions from Bg decays. The solid curves show the results of the 
fits, and the dotted curves show the fitted contributions from primary and secondary leptons. 

Finally, we obtained the scniilcptonic branching fractions: 



B(B° S - 
B(B° S 
B(B° S 



► X+e~v) = (10.9 ± 1.0 ± 0.9)% 

-» X + iTv) = (9.2 ± 1.0 ± 0.8)% 

X+e~u) = (10.2 ±0.8 ±0.9)%, 



(1) 



where the latter one represents an average over electrons and muons. The obtained branching fractions can be 
compared with the PDG value B(B° — > X + t~v) = (10.33 ± 0.28)% [5], which is theoretically expected to be 
approximately the same, neglecting a small possible lifetime difference and small corrections due to electromagnetic 
and light quark mass difference effects. 



3.4. Observation of Y(5S) -> T(1S) tt+tt-- and T(5S) -► T(2S) tt+tt- decays 

The production of T(1S) tt+tt-, T(2S)tt+tt-, T(3S)tt+tt-, and T(1S) K+K~ final states in a 21. Tfbr 1 data sample 
obtained at e + e _ collisions with CM energy near the peak of the T(5S) resonance has been studied by Belle [16]. Final 
states with two opposite-sign muons and two opposite-sign pions (or kaons) are selected. The signal candidates are 
identified using the kinematic variable AM, defined as the difference between M([i + ii~ tt+tt - ) or M '(//+ \i~ K + K~) 
and M(p + fi~) for pion or kaon modes. In the studied processes the opposite-sign muon pair should have a mass in 
the nominal T(1S), T(2S) or T(3S) mass regions. 

Figure 9 (left) shows the two-dimensional scatter plots of M(/z+/i _ ) vs AM. Horizontal shaded bands correspond 
to T(1S), T(2S) or T(3S) (only T(1S) for (b)), and open boxes are the fitting regions for T(5S) — ► T(nS) tt+tt - and 
T(5S) — > T(1S) K + K~ . The region where the mass of [i + n~ it + -k~ (or /i + fi~ K + K~) combination corresponds to 
the T(5S) CM energy of 10869 MeV is tilted in the M( y u+^ _ ) vs AM plot. Fig. 9 (right) shows the AM projections 
for /i + /i~7r + 7r - events in the T(1S) (a) and T(2S) (b) regions. 



J; io.2 



10 
9.8 
9.6 
9.4 
9.2 
9 

9.8 
9.6 
9.4 
9.2 
9 




■'"'■■i :..»£■.-■■•■-- «<* ;•■ '. '• v • • • ••■ ■< -i 



0.4 



0.6 



0.8 1 1.2 1.4 

AM = M(|4ut7t)-M(nn) (GeV/c 2 ) 



~o 350 
> 300 
(3 250 


= (a) niijra candidates in the Y(1S)->nV 
[ :Y(2S) :Y(3S) 


region 

Y(4S) 




■Y(5S)" 


? 200 
d 150 
» 1°° 












[ 


| 50 




. , .JL .. 




h 



0.4 



0.6 



0.8 



1 
AM: 



1.2 



1.4 



M(nni[ji)-M(nn) (GeV/c^) 



(b) miKK candidates 




0.4 



0.6 



0.8 1 1.2 1.4 

AM = M(nnKK)-M(Wi) (GeV/c 2 ) 




M(hhjiji)-M(hh) (GeV/c") 



Figure 9: Scatter plot of M(fi + n ) vs AM for the data collected at ^/s ~ 10.87 GeV, for (a, left) ^i + /i 7r + 7r and (b, left) 
H + n~ K + K~ candidates. Horizontal shaded bands correspond to T(1S), T(2S) or T(3S) (only T(1S) for (b)), and open boxes 
are the fitting regions for T(5S) -> T(nS) tt+tt" and T(5S) -> T(1S) K + K~ . The AM projections in the T(1S) (a, right) and 
T(2S) (b, right) regions are also shown. Vertical dashed lines show the expected AM values for the T(nS) — > T(l, 2S) tt + ty~ 
transitions. 

The obtained branching fractions and partial widths are given in Table 1. For comparison, the partial widths for 
similar transitions from T(2S), T(3S), or T(4S) are also shown. The T(5S) partial widths (assuming that the signal 
events are solely due to the T(5S) resonance) are found to be in the range (0.52-0.85) MeV, that is more than 2 orders 
of magnitude larger than the corresponding partial widths for T(2S), T(3S), or T(4S) decays. The unexpectedly 
large T(5S) partial widths disagree with the expectation for a pure bb state, unless there is a new mechanism to 
enhance the decay rates. 

Table I: The branching fractions (B) and the partial widths (F) for T(nS) — * T(mS)7r + 7r~ and T(1S) K + K~ processes are 
listed. The first error is statistical, and the second is systematic. The values for the T(2,3,4S) decays are from [5]. 



Process 


B (%) 


T (MeV) 


Process 


T (MeV) 


T(5S) -> 


T(lS)7r+7r- 


0.53 ±0.03 ±0.05 


0.59 ±0.04 ±0.09 


T(2S)^T(1S)7T + 7T- 


0.006 


T(5S) -> 


T(2S)7r+7r- 


0.78 ±0.06 ±0.11 


0.85 ±0.07 ±0.16 


T(3S)-^T(lS)7r+7r- 


0.0009 


T(5S) -> 


T(3S)7r+7r- 


°- 48 -o'.l5 ± 0- 07 


0.52±gi? ±0.10 


T(4S)->T(lS)7r+7r- 


0.0019 


T(5S) -> 


T{1S)K+K- 


0.061±o:Si4 ±0.010 


0.67+o;°i5± 0.013 







4. PHYSICS PROSPECTS AT THE T(5S) 
4.1. Physics with (20-200) fb" 1 at the T(5S) 

Data at the T(5S) have many advantages for B® studies compared to hadron-hadron collisions (in particular 
with the CDF and DO experiments at Tevatron), such as high photon and ir° reconstruction efficiency, trigger 
efficiency of almost 100% for hadronic modes and excellent charged kaon and pion identification. A model-independent 
determination of the number of initial B® mesons at T(5S) data samples opens an opportunity for precise absolute B® 



branching fraction measurements. The possibility of partial reconstruction of specific P° decays and measurements 
of inclusive B® processes are additional advantages of e + e~ colliders running at the T(5S). On the other hand, lower 
B° and B + meson production rates at the T(5S) compared to that at the T(4S), the smaller number of produced B® 
mesons compared to the Tevatron experiments, and insufficient accuracy of the B® vertex reconstruction to observe 
B® — B® mixing are the main disadvantages of running at the T(5S). 

Developing our current and future physics programs at the T(5S) is based on the advantages. The currently 
available statistics of 23.6 fb _1 at the T(5S) allows to perform many interesting P" studies. The list of decays where 
significant signals are expected to be observed include the following modes: 

. B° s - D-p+ and B° s - D 7 a+. 



• B°- 


-» J/n, B° s -» 


J/ipf] and - 


• B°- 


-» D^-D^. 




• B°- 


-D-^+. 




• B°- 


■* K~K+. 




• B°- 


- D°K° S , B° - 


-> P°^*°. 


• B°- 


■+ D-(.+v, B° 


-► D*-(+v. 



Combining modes with the large number of reconstructed B® mesons, the B® lifetime can be measured with high 
precision. The production ratios for different B ( *> B^'nir and B s B s channels can be also determined, ft could 
be potentially interesting to take a small data sample at a higher e + e~ CM energy, there the B** or even B** signals 
could emerge. A dedicated energy scan at a T(5S) and T(6S) energy region is an excellent tool to search for new 
bb states. If our T(5S) data sample will be increased to (100-200) fb _1 , several rare B® decays can be potentially 
measured; the most promising modes are B® — ► K~ p + , B® — ► rjr), B® — ► r\r( and B s — -> <jxf>. 

4.2. Feasibility of Ar s /r s measurement 

A new generation of B-factories with luminosity 20-100 times higher than that delivered to the Belle and BaBar 
experiments has been recently proposed [17, 18]. Taking into account an average integrated luminosity of about 
lfb^ 1 per day taken by Belle in first T(5S) runs, an integrated luminosity of lOOOfb -1 can be taken by future 
B-factories in 10-50 days. Although many interesting rare B® decays, such as B® — ► 77 and B® — ► D~K + , can be 
measured with such a data sample, we would like to focus here on a few of the most important tasks. First of all, 
simple estimates indicate that the Ar s /T s measurement can be performed with a lab -1 data sample. 

Although the Ar s /r s measurement itself is important, a comparison of the direct B® width difference measurement 
with that calculated using the B(B° — ► D s * D s * ) measurement is the most important goal for such a study because 
it provides a critical Standard Model test. This method was developed by Grossman [19]; a more detailed description 
can be found in [20]. Technically we expect to have ~(5-7)% accuracy in the B(B® — ► D s *' Ds* ) measurement with 
1 ab _1 . Therefore the accuracy of the SM test depends mostly on the uncertainty in the direct Ar s /T s measurement. 

We propose a simple method to determine the Ar s /r s value based on a measurement of the distance between 
two B® vertices. We assume fully anti-correlated CP values of the two final state B® mesons in the decay channel 
T(5S) — ► B*B*. To estimate the uncertainty of Ar s /r s measurement with 1 ab _1 of data at the T(5S), we use a toy 
MC simulation to model the distance between two B® decay vertices (Fig. 10). The number of fully reconstructed B® 
mesons with a data sample of 1 ab _1 is estimated to be effectively ^4000 events. This sample is expected to comprise 
-1000 I)i* )_ Di* )+ events, -1500 J/tp 77/7/ events, -600 K+R- events and -2200 J/ip<f> events. The J/tp<j> events 
contain — 20% CP-odd and — 80% CP-even components, and we reduce this effective event number to —1000. 

Assuming CP conservation in B° s decays, the mass eigenstates are CP-eigenstates, and one could compare the 
lifetime distributions of a B° a /B° s decaying to CP-even and CP-odd final state. To measure the Ar s = Tl — T$ value 
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Figure 10: The MC simulated AZ distributions between two B® vertices are shown for the single vertex resolution neglected 
(left) or modeled by a Gaussian with a = 40/im (right). Full curves show the results of fits described in the text. 

experimentally (r^ and Tg are widths of long-lived and short-lived B® mesons), we should select all reconstructed 
B® decays with fixed CP, and determine the decay vertices for this B® with fixed CP and for the second B® in 
the event. Then we can measure the distance between the decay vertices AZ = ZcPeven — ZcPodd along the T(5S) 
boost direction and, respectively, the time difference At = AZ/(f3-fc) (here /?7 is the boost factor). The expected 
distribution is proportional to exp(— T^Ai) for At > and exp(+TsAt) for At < 0; thus, fitting to this distribution 
yields both Tl and T$- 

Finally, from the AZ distribution fit we obtained the value Ar s /r s = (10.2 ± 2.4)% (significance ~ 4a), where 
value Ar s /r s = 10.0% was fixed in the toy MC simulation. Because background contribution is low in the studied 
modes, the signal significance depends on statistics as oc V-^int- The vertex resolution effect is negligible: almost no 
degradation in accuracy of Ar s measurement was found comparing the AZ distribution fit values with the vertex 
resolution neglected (Fig. 10, left) in toy MC simulation and the single vertex resolution of ~ 40/im (Fig. 10, right) 
included in toy MC, latter reproduces roughly the current Belle vertex reconstruction uncertainty in AZ. It is 
interesting that we can use the event numbers N + and N~ in the AZ > and AZ < regions, respectively, to 
estimate Ar s /r s ~ 2x (N + — N~) / (N + +N~), however the statistical uncertainty is ~ 30% larger in this method. 



4.3. Feasibility of B° — B° mixing measurement with improved vertex resolution 



Theoretically almost zero CP violation is expected in B® mixing within the Standard Model, therefore, the 
search for the CP violation provides an important opportunity to observe effects Beyond the Standard Model. It is 
interesting to note that the conventional method of time dependent CP violation measurement is often assumed to 
be impossible at the T(5S) due to very fast B® oscillations. However this may be possible, since the corresponding 
distance between oscillation function maximum and minimum at the T(5S) is D — tt ■ Am s ■ (3jc — 22.5 (im. Such 
decay vertex resolution can be reached by existing vertex detectors: currently discussed Super Belle single vertex 
resolution (SVR) is expected to be ~ 20 /zm for tracks with momentum greater than 1.5GeV/c and direction nearly 
perpendicular to the beam axes. 

The B® oscillations can be observed using the same-sign (SS) and opposite-sign (OS) high momentum leptons 
(their intersections with beam profile can be used to obtain vertex positions) produced in two semileptonic B® decays 
from the T(5S) — > B s *' B s *' decay. The number of SS and OS events is very large in 1 ab _1 data sample and is not 
critical for such an analysis. In Fig. 11 the MC simulated AZ distributions with 1 ab _1 dataset are shown for (from 
left to right) SS lepton events with SVR = 10 /im, SS-OS event difference with SVR = 10 /im, SS lepton events with 
SVR = 13 /im, and SS-OS event difference with SVR = 13 /im. Oscillations are perfectly seen with SVR = 10 /im, 
but the sinusoidal shape begins to disappear at SVR = 13 /im. Therefore, to measure B® mixing at Super Belle the 
SVR should be improved to ~ 15 /im or a T(5S) boost value should be increased by at least 25%. 
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Figure 11: The event numbers for SS leptons (first) and event number difference for SS and OS leptons (second) as a function 
of AZ is shown for SVR = 10/im (two left), and for SVR = 13 /xm (two right). The distributions are simulated using toy MC. 

4.4. Potential measurements with higher beam energies 

One of the significant advantages of hadron-hadron colliders is the possibility to study many heavy beauty states, 
such as B** , B** , B c , A&, S^ et. al. Potentially however, all these states can be studied at the e + e~ collider running 
at the center-of-mass energy (12-14) GeV. Even outside T resonances, the bb continuum is expected to be ~ 10% of 
all continuum events. In particular, the Af, baryons could be produced at the center-of-mass energy of ~ 11.3 GeV 
(threshold for A&A(, pair production is E = 11.248 GeV) with approximately the same rate as B® mesons. In a very 
high luminosity B-factory with a wide allowed beam energy range, the study of B c mesons seems to be also possible. 

In conclusion, we discussed recent results and future prospects for the T(5S) running at B-factories. Many new 
results are obtained with the 23.6 fb _1 data sample collected by Belle at the Y(5S) and more results are expected 
soon. The results obviously demonstrate that B® meson studies at the T(5S) have a great potential. It is important 
to have a large allowed range of beam energies and a high performance vertex detector at future Super B-factories. 
Important tests of the Standard Model can be performed with statistics of the order of 1 ab _1 at the T(5S). 
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